Spatially-correlated permeability fields are usually generated by single scale correlation. To overcome the limitations of single scale permeability fields in describing real situation, permeability fields are realized by multi-scale correlation. Multi-scale heterogeneity results in the existence of extreme values of permeability and complex connectivity. Performance of gel treatment depends on permeability distribution of field which is determined by correlation length and variance. Longer correlation length and high variance improve the effectiveness of gel treatment. Also, longer application of preflush results in larger reduction of water-oil ratio by gel treatment.
INTRODUCTION
Most of reservoirs are geologically complex and heterogeneous because of various distributions of porosity and permeability, deposition, and natural fractures. From core analysis and well logging, heterogeneous rock properties could be estimated. Among many petrophysical properties, permeability is the most important factor for reservoir engineering calculations. Heterogeneous permeability system leads to different flow movements in reservoir compared to the equivalent homogeneous system. Van Poollen (1980) indicated that variations in permeability distribution caused a significant impact on the oil recovery and water production during enhanced oil recovery. Shape and size of sand grains, lamination, cementation, fracturing, and solution determine the magnitude and diversity of permeability, so that the estimation of heterogeneity is a hard work. With increased heterogeneity of permeability distribution, flow mechanism becomes more complex. Even though the average permeability of reservoir is same, the distribution of permeability makes the performance of enhanced oil recovery be different. Severe heterogeneity results in high water production during waterflooding. To enhance productivity for waterflooding in heterogeneous oil reservoir, in-depth gel treatment has been used. According to the research by Portwood (2010), parts of the Healdton Field in Carter County, Oklahoma, showed high water-cut because of variation of permeability. Application of cross-linked polymer gel increased volumetric sweep efficiency. As shown in the successful cases, gel treatment increases the productivity by reducing relative water permeability. This is called disproportionate permeability reduction mechanism (DPR). Through this mechanism, gel treatment decreases relative water permeability relevant to relative oil permeability. High production of water could make life of well short, because of high water disposal cost. For this reason, controlling of water production is of importance. Factors influencing the performance of gel treatment have been studied considerably. Heterogeneity of permeability for cross section is one of them. Most of investigations are limited to layered permeability system (Gao and Burchfield, 1995; Bai, Wang, Du, and Liu, 2004; Serignt, Zhang, Akanni, and Wang, 2011) . Previous studies revealed that high permeability contrast of layered system significantly improved the performance of gel treatment (Gao and Burchfield, 1995; Bai, Wang, Du, and Liu, 2004) . However, these layered reservoir systems are hard to say as realistic reservoirs. In advance of research on the layered heterogeneous system, spatially-correlated heterogeneous fields have been investigated in terms of enhanced oil recovery (Gharbi, Peters, Elkamel, and Afzal, 1997; Murata, Ashida, Takahashi, and Okabe, 2012) . However, their researches assumed that heterogeneous permeability fields have single scale correlation. In the field of groundwater flow, aquifer heterogeneity is as important as reservoir heterogeneity in petroleum engineering. Groundwater and solute transport processes in the aquifer are considerably affected by the heterogeneity of the formation properties (Hu, Wu, Panorska, Zhang, and He, 2003) . Many researchers developed theories based on the assumption that the spatial distributions of the medium properties can be characterized by one single scale correlation (Hu, Wu, and He, 2004) . However, when heterogeneity at any scale cannot averaged out, nor be treated as a deterministic trend, single scale correlation approach is invalid (Hu, Wu, and He, 2004) . Lots of sub-random fields compose of parent random field, i.e. each layer which is in different geological conditions consists of aquifer. Single scale correlation method lacks to produce this model (Hu, Wu, and He, 2004) . For this reason, they investigated non-stationary multiscale correlation. However, we neglect this time-dependent term and suppose stationary multi-scale to focus on how the number of correlation scales affects heterogeneity and performance of gel treatment. In this study, multi-scale effect means the number of scales.
